that was caused by the NH 3 treatment, however, was found to be only for a short duration emphasizing the dynamic nature of soil aggregate stability (5). Katschinski (9) In this soil the presence of Ca ++ in the aggregates decreased the water stability progressively with increasing concentrations of Ca ++ within the aggregates. It was concluded that changes in salt composition and salt concentration of irrigation water affect the dispersion of aggregates. In many soils, however, liming has been found to improve the structural stability of aggregates (15, 17 etc.) Czeratzki (3) assumed that the effect of lime is a direct coagulationg effect rather than a stimulation of biologial processes. Homrighausen (7) states that because increasing amounts of CaC0 3 increased the stability of aggregates in very fine soils but not in coarser soils it was possibly due to bridge formation through fine soil and lime particles.
According to Filippovich (4) the good structure of calcareous soils, such as chernozems and rendzinas, is a result of their high Fe content. The favourable effect of calcium on soil structure is based on its converting effect of soluble Fe salts into colloidal insoluble hydrated Fe 2 0 3 . Further, the stable structure of acid soils unsaturated with bases but rich in hydrated Fe 2 0 3 and humus is not due to humus accumulation unless accompanied by accumulation of colloidal hydrated Fe 2 0 3 . In many tropical and subtropical soils the silt and clay are cemented into »pseudo sand» by iron hydroxide (5). According to Levin (11) liming decreases the stability of acid podsolic soil aggregates soon after application by decreasing the content of mobile sesquioxides but later, owing to Ca-humate formation, the stability increases. Chesters et al. (2) found iron as an important factor in aggregate formation in all of the four Wisconsin soils studied. They also found that at pH range 4-B an optimum pH occurred for soil aggregation at approximately pH 6.5. In some Sardim ian soils an inverse correlation between pH and structural stability was noticed (13) .
In the investigation of Robinson and Page (16) (14) . The physical properties of muddy clays are good; the average mean weight diameter of water stable aggregates and also the average hydraulic conductivity was highest among the Finnish soil types studied by Sillanpää (19, 20) . To make these soils more productive they require very large amounts of lime and fertilizers. Thus their chemical properties will be essentially changed. Because of this muddy clay was selected for investigating the effect of cations on aggregation. Also analyses with a heavy, loamy and silty clay soils are included in this study for comparative purposes.
Large homogeneous soil samples were spread as a thin layer, larger clods were crushed gently by hand and the soils were allowed to become air dry. In experiments with heavy, silty and loamy clays the soils were previously dry-sieved with 2 mm and 1.3 mm screens to obtain an aggregate fraction of 1.3 2.0 mm for analyses. In the case of the better aggregated muddy clay soil, however, 2.2 -3.5 mm aggregates were selected.
Samples of 25 grams were weighed in 50 ml dishes over a 2 cm wide cloth ( Fig. 1 ). The samples were wetted by submerging one end of the cloth in the wetting solution as shown in Fig. 1 , A, and allowing the solution to pass along the cloth into the other dish to moisten the soil sample slowly by capillarity. The samples were left in a submerged condition for two days, after which the excess solution above the soil was poured away and the rest of the solution was drained from the soil by raising the dish containing the sample on a stage (Fig. 1, B) . The samples were air dried in open dishes. The formation of fungus vegetation on soil was prevented and the drying process accelerated by placing lamps above the dishes. The temperature during the dryingprocess was kept 28 31°C.
The solutions used in the experiments with heavy, silty and loamy clays were 0.01-N HCI, Na, K, Mg and Ca chlorides and distilled water as a check. In the case of the muddy clay soil the experiments were extended to include ferric and aluminium chlorides as well; all solutions in concentrations of 0.003, 0,01, 0.03, 0.1 and 0.3-N.
On the seventh day after drying the samples were rewet by the above mentioned method with distilled water, poured into 500 ml shaking bottles containing 400 ml distilled water and shaken for 5 minutes at 30 r.p.m. Then the soil samples were poured on the uppermost sieves of the wet sieving apparatus (18) and sieved for 30 minutes at 30 oscillations per minute.
Results and discussion
The results of aggregate analyses after different treatments are given in tables 1 and 3 and the regressions concerning muddy clay soil in table 4 and in Fig. 2 . Statistical significances of the differences between the treatments are given in table 2 (heavy clay; 0.01-N solutions and destilled water) and in table 5 (muddy clay 0.01 and 0.03-N solutions and destilled water).
In the heavy clay soil hydrogen and calcium have improved the structural stability of soil most effectively. Their effect exceeds significantly those of all other cations except that of magnesium (table 2) . Also the influence of magnesium is relatively clear with significantly better aggregation than with the check soil (dist. In the silty clay and loamy clay soils the order of the effects of the cations is mainly the same as in the heavy clay. In these soils the similar effects of potassium and magnesium should be noted. This is similar to the results of Brooks et al. (1) . Table 4 . Regressions of the mean weight diameter of aggregates (Y, mm) in the muddly clay soil on the normality of the treatment solution (X), (R = correlation coefficient). In the case of silty clay the differences between treatments did not reach any statistical significance and in loamy clay there were statistically significant differences only between H 2 O-CaCl 2 (t = 2.47*), H,,O-HCI (t = 1.97-) and NaCl-CaCl 2 (t = 2.08-). Generally, with increasing solution concentrations in the muddy day soil (table 3, and Fig. 2 ) all cations initially improved the structural stability. When the concentration of solutions was further increased the effect of all cations gradually changed to dispersion. The highest solution concentrations used in treatments apparently caused changes in soil cation composition to such a degree that it produced a dispersion. Mazurak (12) similarly concluded that changes in salt composition and concentration of irrigation water may affect the dispersion of aggregates.
Different cations seem to reach their optimum effects in different concentrations. For NaCl, HCI and MgCl 2 the optimum normality seems to lie around 0.01-N, for CaCl 2 from 0.01 to 0.03-N and for KCI, AIC1 3 and FeCl 3 the optimum aggregation is first reached with approximately 0.03-0.1-N solutions. The shape of the regression curve of potassium differs from other curves because of its milder curvilinearity; i.e. it seems that potassium affects aggregation less than the other cations under study.
Aluminium and iron have had the strongest stabilizing effect on the muddy clay aggregates. The effect of magnesium seems to be stronger than that of calcium in milder concentrations but with increasing concentration the regression line of magnesium turns more steeply toward dispersion.
As an interesting feature it can be seen that in this soil the regression line of HCI corresponds closely to that of sodium, which has the weakest stabilizing capacity. In this respect the influence of HCI differs considerably from that in other clay soils studied.
This shows, as already seen from the literature, that a cation may play different roles in different soils thus limiting considerably the application of results from one soil to another.
Summary
The effects of various cations on the aggregation of four clay soils were studied. To avoid errors and variation and to obtain clear differences between the treatments only certain limited size fractions of aggregates were used. The samples were wetted slowly by capillarity with the treatment solutions, allowed to stand in a submerged condition, air-dried, rewetted and analyzed by the wet sieving method.
The results bring out rather distinct differences among the effects of various cations. The water stability of aggregates was a function of the concentration of the treatment solutions.
merkityksellinen, ja mm. N-ja P-käsittelyillä saadut muruisuuden lisäykset on selitetty johtuvan epä-suorasti niiden aiheuttamien sadonlisäysten edullisesta vaikutuksesta maan orgaanisen aineksen mää-rään. Nykyisin käytettävät suuret kalkki-ja lannoitemäärät voivat melkoisesti muuttaa maan kemiallisia ominaisuuksia, mistä voi olla seurauksena muutoksia myös sen fysikaalisissa ominaisuuksissa mm. rakenteessa. Eri kationien vaikutus näyttää saavuttavan optiminsa tässä maalajissa jonkinverran eri konsentraatioissa. NaChn, HCl:n ja MgCl 2 :n optimikonsentraatiot ovat 0.01-normaalisuuden paikkeilla, CaCl 2 :n 0.01 0.03:n ja KCl:n, AICl 3 :n sekä FeCl 3 :n 0.03 -O.l-n.
Alumiinin ja raudan vaikutus liejusaven murujen vedenkestävyyteen on selvästi voimakkaampi kuin muiden kationien. Kalsium ja magnesium poikkeavat toisistaan melko vähän, joskin magnesium näyttää alhaisemmissa konsentraatioissa parantavan murujen vedenkestävyyttä voimakkaammin, kun taas suuremmissa konsentraatioissa kalsiumin regressiokäyrä osoittaa vähemmän dispersiotaipumusta. Kaliumkloridikäsittely näyttää aiheuttaneen vähiten muutoksia murujen vedenkestävyydessä, mikä ilmenee KCI-käyrän huomattavasti muita lievemmästä kaarevuudesta. Mielenkiintoisena piirteenä voidaan todeta, että HCI:n vaikutus liejusavessa on lähinnä saman tapainen kuin natriumin, joka kaikissa neljässä maalajissa on osoittautunut kationeista epäedullisimmaksi murujen vedenkestävyydelle. Tässä suhteessa HCl:n vaikutus muihin käsittelyihin verrattuna on olennaisesti erilainen kuin muissa savimaalajeissa. Todennäköistä onkin, että eri kationien vaikutus maan rakenteeseen riippuu suuresti muiden kationien määristä sekä käsittelyjen aiheuttamista kationinvaihtoprosesseista eri maissa. Tämä rajoittaa olennaisesti jollakin maalla saatujen tulosten yleistämistä ja soveltamista muihin maalajeihin.
